The dorsal organizer, formed in the prospective dorsal side in vertebrate gastrulas, is a signaling center that determines the anteriorposterior axis as well as the dorsal-ventral axis. The formation of the dorsal organizer essentially relies on transcriptional activity of β-catenin, which is maternally supplied and stabilized in the dorsal embryonic cells. We identified a zebrafish maternal mutant line hulu. 100% of maternal hulu mutant embryos completely lack the dorsal organizer, ultimately leading to missing of the body axis. The hulu locus encodes a novel membrane protein. In hulu mutants, β-catenin is absent in the nucleus of the dorsal blastomeres and the mutant phenotype can be rescued by overexpression of constitutively active β-catenin. Depletion of Xenopus Hulu also blocks results in the absence of the Spemman Organizer and the body axis. A high frequency of duplicate organizers and body axes is achieved by regional overexpression of hulu in wild-type embryos of zebrafish or Xenopus. Hulu physically interacts with GSK3β and Axin, the components of β-catenin destruction complex, as well as Dishevelled, thereby preventing β-catenin from degradation. Therefore, Hulu is a master player in the formation of the dorsal organizer in vertebrate embryos. We study the role of signaling dynamics in embryonic development and hence investigate the function of embryonic clocks, or oscillators. Ultradian oscillations (period~2 hours) in Wnt, Fgf and Notch-signaling pathway activity have been identified during mesoderm segmentation in mouse embryos and are linked to the periodic formation of pre-vertebrae, or somites. Most strikingly, Notch-signaling oscillations occur phase-shifted between neighbouring cells, producing spatio-temporal wave patterns within the embryonic mesoderm. Combining real-time imaging of dynamic reporter knock-in mouse lines, functional perturbations and also novel ex-vivo models for mesoderm patterning, I will present our recent results addressing the role of signaling oscillations during mesoderm patterning. 
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Gene regulatory networks controlling functional activities of spatially and temporally distinct progenitor cell populations in the early mouse embryo remain ill defined. Shortly after implantation, Nodal and Wnt signaling pathways coordinately instruct the symmetrical cup-shaped epiblast, the founder tissue of the embryo proper, to become appropriately patterned and give rise to the three primary germ layers: the ectoderm, endoderm, and mesoderm. Nodal is instrumental in this process, as Nodal mutants or double mutant embryos lacking the Smad2/3 effectors arrest very early after implantation, and fail to maintain the expression of key pluripotency markers and activate lineage specific markers. Our recent analysis have identified the T-box gene Eomes as an immediate early Smad2/ 3 target gene activated in the posterior epiblast prior to the onset of gastrulation. Eomes is essential for the formation of the cardiovascular and anterior primitive streak progenitors. Eomes target genes include the basic-helix-loop-helix transcription factors Mesp1/2 required to drive EMT and the specification of cardiac mesoderm. Eomes/Smad4 signaling directly activates the LIM domain homeobox transcription factor Lhx1 in the definitive endoderm and midline progenitors. Profiling, ChIP-seq and proteomic experiments show that Lhx1 in turn collaborates with Otx2 and Foxa2 to cooperatively control morphogenesis of the endoderm and midline cell populations responsible for establishment of the L/R axis and patterning of the anterior neurectoderm. doi:10.1016/j.mod.2017.04.537
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Symmetry breaking and self-organisation in mouse development Takashi Hiiragi European Molecular Biology Laboratory, Heidelberg, Germany A defining feature of living systems is the capacity to break symmetry and generate well-defined forms and patterns through selforganisation. Our group aims to understand the principle of multicellular self-organisation using a well-suited model system: early mouse embryos. Mammalian eggs lack polarity and thus symmetry is broken during early embryogenesis. This symmetry breaking results in the formation of a blastocyst consisting of two major cell types, the inner cell mass and the trophectoderm, each distinct in its position and gene expression. Our recent studies unexpectedly revealed that morphogenesis and gene expression are highly dynamic and stochastically variable during this process. Determining which signal breaks the symmetry and how the blastocyst establishes a reproducible shape and pattern despite the preceding variability remains fundamental open questions in mammalian development. We have recently developed a unique set of experimental frameworks that integrate biology and physics. With this we aim to understand how molecular, cellular and physical signals are dynamically coupled across the scales for selforganisation during early mammalian development. Microbial colonization of the digestive tract is a crucial event in vertebrate development, required for maturation of host immunity and establishment of normal digestive physiology. We have developed gnotobiotic zebrafish as a model system to study how intestinal microbial communities are established, how they influence host development, and how perturbations of the microbiota can result in loss of intestinal homeostasis and inflammation. Using defined microbial communities that we can visualize with light sheet Abstracts S7
